Producing flood maps that can be carried out quickly for disaster management applications is essential to reduce the human and socio-economic losses. In addition, mapping and change detection of water bodies as an essential natural resource is imperative for robust operations and sustainable management. Synthetic Aperture Radar (SAR) sensors with long wavelengths have a high potential for delineating the extent of the flooded areas and providing timely and accurate maps of surface water for risk mitigation and disaster or sustainable management. In this study, multi-temporal Sentinel-1 C-band SAR images were utilized to investigate the performance of the sensor backscatter image on permanent water bodies monitoring and flooded areas mapping. Lake Urmia as a permanent water system and two floods in Golestan and Khuzestan provinces of Iran have been investigated. The backscatter values of an image acquired before the event that is referred as an Archive image and another one after the event as a Crisis image are analysed. As a preliminary result, it is concluded that with overlaying of the two bands from Archive and Crisis images and creating a color composite image, the permanent water bodies have a uniformly dark return due to the very low backscatter in both images. The flooded areas and changes in water level show relatively higher backscatter in the Crisis image, whereas the other land cover features indicate very high backscatter values with tones of grey. Therefore, Sentinel-1 SAR data provides beneficial information on flood risk management and change detection.
INTRODUCTION
Management of water resources due to the increasing demands, scarcity of resources, socio-economic impacts and other factors has gained widespread currency in terms of sustainable management. Increasing flood risks due to climate change are the subject drawn attention in the context of sustainability of vital ecosystems. Timely and accurate mapping of surface water bodies' changes detection and extraction of flooding extent over large geographical areas from satellite imagery has been widely applied in recent years (Clement, 2017) . Images obtained in the optical spectrum from multi-spectral sensors due to their straightforward interpretability are preferred data source in the case of favourable weather conditions. However, during the persistent and long-lasting period of cloud cover in the rainy season, the use of optical sensors are limited for the continuous monitoring of the flood disaster and the surface water bodies' change detection (Bioresita, 2018) . Synthetic Aperture Radar (SAR) system is as a widely used, practical and efficient tool in such applications due to collection of data in day-or-night and in different weather conditions with a constant observation of earth surface from the polar orbit (Soria-Ruiz, 2009 ).
For the last two decades, with development of space-borne SAR technology due to its unique imaging capabilities has been made it most appropriate tool for large-scale flood mapping, operational flood relief management and for monitoring water bodies (Mason, 2013) . Various change detection methods and flood extent mapping techniques based on multi-temporal SAR images are used for disaster monitoring and management (e.g. Martinez, 2007 , Martinis, 2010 , Giustarini, 2014 , Dasgupta, 2018 . Application of microwave remote sensing has increased for the flood extent prediction, flood monitoring in the crucial, small and large-scale, and operational scenarios due to the SAR sensors high spatial (e.g. TerraSAR-X with higher spatial resolution up to 0.24 m) and temporal resolutions (e.g. Sentinel-1 series with six-day revisit times) (Bioresita, 2018) . Ramsey (1995) utilized ERS-1 SAR images to distinguish flooded from non-flooded black needlerush marsh and map out tidal flood extent. Martinis (2014) introduced TerraSAR-X based flood service to the dispersion of the flood masks in emergency cases. The potential of the X-band SAR COSMO-SkyMed system for flood detection is illustrated by (Pierdicca, 2012) . Harmonic model analysis from multi-temporal ENVISAT Advanced SAR (ASAR) data is applied by (Schlaffer, 2015) with characterising normal backscatter behaviour of the ASAR image time-series to flood mapping and change detection.
Among the various microwave satellites, Sentinel-1 with high spatial and temporal resolutions has convinced scientists and decision makers to its systematic application for disaster monitoring and management. Sentinel-1 satellites are designed to operate in a pre-programmed conflict-free processing mode, covering the global ocean and landmasses, a constellation in the same orbital plane with a consistent long-term data archive based on long time series applications (Torres, 2012) . During the flood events, time is one of the main factors to flood management activities in terms of minimizing the time delay between data delivery and product dissemination (Twele, 2015) . Hence, Sentinel-1 data can provide continuous and frequent information about the flood extent to enhance supports and services for the most part of the globe. For a quick flood mapping, an automatic change detection method based on Sentinel-1 SAR data is presented by (Li, 2018) . This is more effective, flexible and robust method in computation time in case of highly unbalanced datasets. In order to increase the change detection results, they also introduced an algorithm to remove noise and to maintain detailed information at the same time. The similar work has been done by (Bioresita, 2018) for end-users quickly mapping of water surfaces and flood detection based on Sentinel-1 amplitude data and they resulted with high overall accuracies. Hardy (2019) has introduced a new approach for extraction of both vegetated and open water bodies in Western Zambia using sequential Sentinel-1 imagery. It is found that Sentinel-1 radar signals enable to detect open water surfaces and vegetated water bodies with mostly dispersed grasses with height less than 20 cm in a large floodplain whereas Sentinel-1 is limited for denser vegetated water bodies and floodplains.
In this study, we map flooded areas and the water bodies' changes using Sentinel 1 SAR data in north and western Iran. Multi-temporal SAR data analysis is conducted to discriminate flooded areas over the permanent water bodies and to produce reliable and accurate maps of surface water.
MATERIALS AND METHODOLOGY

Study Area: Iran
Lake Urmia (37°42′N, 45°19′E), Golestan province (36°50′N, 54°25′E) and Khuzestan province (31°19′N, 48°40′E) are three different areas where flooding has taken place recently in Iran (Figure 1 ). Determination of surface water level change of the Lake Urmia requires attention due to its socio-ecological and environmental issues. Moreover, considering the two floods with plenty of damage in Golestan and Khuzestan provinces in consequence of the high and extensive rainfalls has motivated us to carry out this study. 
Data statement and image processing
SAR technique using Sentinel-1 C-band data was applied with a combination of an image acquired during the flood with an image applied before the flood to distinguish between flooded areas and permanent water bodies. In disaster mapping applications, the image acquired before the event is referred as the Archive image (i.e. reference image) and the one after the event as the Crisis image (Chesnel, 2007) . According to the data availability and extent coverage of the regions during the flood events, the Ground Range Detected in High resolution (GRDH) Sentinel-1 C-band SAR products with VV (vertically transmitted vertically received) and VH (vertically transmitted horizontally received) polarization were acquired from the European Space Agency (ESA) Sentinels Scientific Data Hub (https://scihub.copernicus.eu/dhus/) in the Interferometric Wide (IW) swath mode. Table 1 shows the Sentinel-1 SAR data descriptions. The GRDH products are multi-looked amplitude images with no phase information and projected to ground range using an Earth ellipsoid model such as WGS84.
Table 1. Specifications of obtained Sentinel-1 datasets
The GRDH images were multi-looked, calibrated and then a terrain correction using 3-arc-second SRTM was applied. In order to better visualization and manipulation the pixels were converted from a linear scale to a non-linear and to a logarithmic scale known as decibel (dB). Pre-processing was applied using ESA Sentinel-1 toolbox (S1TBX) in the Sentinel Application Platform (SNAP) provided by ESA (SNAP Development Team, 2019). The work flow of processing of raw Sentinel-1 data is shown in Figure 2 . In pre-processing of GRDH data, multi-looking would reduce the resolution of the image. Thereby, multi-looking is applied in case that flooded area covers large extent and low resolution is still enough for data extraction and mapping flooded areas. Sentinel-2 optical images acquired prior and right after the event when the sky is almost clean of clouds as a validation datasets of surface water (includes permanent water and flood extent) ( Table 2) . 
RESULTS
In SAR-based change detection analysis, it is revealed that in the crisis image the flooded area is quite obvious and appears dark as patches of low backscatter return due to the specular reflection over the smooth water surface (Figure 3 ). While the signals get reflected away from the flooded regions, the surrounding areas with much rougher and rugged terrain appear light owing high intensity values. In this study both VV and VH polarizations are analysed. Backscatter values for each selected pixel in flooded areas and Lake Urmia were determined and the correlation between the archive and crisis images was evaluated.
In VV polarization the mean values of pixels for archive image for three different locations were -7dB, -9dB and -10dB for Khuzestan, Golestan and Lake Urmia respectively. This for crisis image were -24dB, -21dB and -27dB. Figure 4 shows backscatter values of archive and crisis images for study areas. The results indicate that in compared with VH polarization VV showed less variation and then had better interaction to discriminate flooded areas and permanent water bodies. This is probably due to the sensitivity of co-polarization (e.g. VV) over the rough water surface since backscattering in crosspolarization (e.g. VH) is generally very low (Leckie, 1998 , Martinis, 2016 . That brings out that in different polarization the interaction and scattering of the signals vary in respect to surface phenomena. Flood and surface water validation data obtained from Sentinel-2 multispectral images over the study area ( Figure 5 ). Short Wave Infrared (SWIR) multispectral band with a resolution of 20 m is used for validation purpose. SWIR acquisition mode enables access to information in the short wave infrared portion of the electromagnetic spectrum (ESA Communications). SWIR sensor with 1-3 µm wavelengths is capable to penetrate haze, smoke and thin clouds and due to its significant absorption by water is particularly useful to discriminate wet earth from dry earth and consequently for water detection and quantification (Stark, 2015) . By visual interpretation and comparing of the Archive and Crisis images from the Sentinel-2 data in the Figure 5 , the flood extent can be distinguished from the nonflooded areas in two flood affected provinces and water surface changes in Lake Urmia. 
CONCLUSION
SAR sensors equipping the microwave region of the electromagnetic spectrum with long wavelengths have a high potential for delineating the extent of the flooded areas and providing timely and accurate maps of surface water for risk mitigation and disaster management. In this study, Sentinel-1 SAR backscatter over the time between before and after floods in three different test areas is evaluated. In comparison with the Archive image that permanent water bodies have very low backscattering and appear dark, in the Crisis image the flooded areas and changes in water level show relatively higher backscatter and appear red. Whereas over the surrounding areas with no water present, the backscatter values are very high and these areas are observed in tones of grey. Sentinel-2 optical data also acquired prior and after the event as a validation datasets of surface water and flood extent. The flood extent was derived from the Sentinel-2 SWIR images. However, when interpreting the results of the validation it should be taken into consideration that the optical imagery was obtained when atmospheric condition was appropriate and after the SAR scene while the flood extent and consequently its affects could have changed in the meantime. Moreover, in validation against the Sentinel-1 data, SAR dataset showed high reliability of the retrieved flood probability maps and water bodies change detection. In conclusion, due to its free availability, the multi-temporal Sentinel-1 C-band SAR data provide beneficial information in flood risk management and hazard mitigation.
